Patients presenting with pain after breast surgery were selected to undergo resection of intercostal neuromas. The patients had localized Tinel's signs at one or more intercostal nerves at the lateral chest wall with radiation in the distribution of the pain. Patients also responded to diagnostic injections of local anesthetic. The patients were felt to have pain not related to breast implants and capsular contracture or intercostobrachial nerve injury. Neuromas were found in all patients meeting these requirements. Surgical resection resulted in complete pain relief. Diagnosis of this entity and consideration of surgical treatment may be underrecognized. Wong L. Intercostal neuromas: a treatable cause of postoperative breast surgery pain. Ann Plast Surg 2001;46:481-484
Persistent pain after breast surgery has been attributed to many causes. The reported incidence after different types of surgery varies in the literature. Pain after mastectomy occurs in as many as 63% of patients. 1 Treatment recommendations have focused on pharmacological methods and maneuvers targeted toward reflex sympathetic dystrophy or sympathetic maintained pain syndromes. Few data are available regarding surgical treatment options. I report 5 patients whose history and clinical exam suggested the presence of intercostal neuromas, who then went on to surgical resection of the neuromas, with resulting pain relief.
Patients and Methods
The records of 5 patients who presented with breast or reconstructed breast pain after breast surgery were reviewed. Patients with pain thought to be related to breast implants or capsular contracture, or intercostobrachial nerve injury were not considered. Patients considered candidates for surgery were selected if they had a reproducible Tinel's sign over one or more intercostal nerves at the lateral chest wall. The Tinel's sign reproduced the patient's pain or traveled in the distribution of the patient's pain. The site of the Tinel's sign was then infiltrated with 1% lidocaine. If the pain was relieved, the patient was felt to be a candidate for surgery.
Preexisting incisions were used to access the site of the Tinel's sign. This site was marked on the skin before the induction of anesthesia ( Fig  A) . Dissection was carried out to the intercostal space directly beneath the skin markings. The intercostal nerve was found to be transected in all cases and embedded in scar tissue ( Fig B) . The transected nerve was dissected free, the neuroma was resected under traction, and the cut proximal end was allowed to retract deep to the intercostal muscles. The intercostal muscle fascia was closed over the retraction site with long-acting absorbable suture. The surgical site was injected with long-acting local anesthetic before closure of the soft tissues.
Results
All patients in this series with a clinical diagnosis of an intercostal neuroma had positive findings at surgery. Follow-up visits from 12 to 48 months postoperatively revealed complete symptomatic relief and resolution of Tinel's sign on physical exam. The interval between the original surgery and neuroma resection was noted. Patient 4 continued to have pain in the distribution of the intercostobrachial nerve.
Discussion
Persistent pain after many types of breast surgery has been documented in the literature, but options for treatment are not well addressed. In a large questionnaire survey of 282 postoperative patients, the highest incidence of pain (53%) was in patients with implant reconstruction after mastectomy. 2 The incidence was 38% after breast augmentation, 31% in mastectomy alone, and 22% after breast reduction. 2 Some reports specific to postmastectomy patients report an even higher incidence (63%). 1 If intercostal nerve injury can be implicated as a cause of pain in any of these patients, it would seem that this nerve is more likely to be injured in mastectomies, in which the dissection often extends more laterally than in breast reduction or augmentation.
Injury to the intercostobrachial nerve is a wellknown cause of pain and numbness in the axilla and medial upper arm. 3 This is described as a specific pain syndrome after axillary dissection with a trigger point just below the second rib at the anterior axillary line. 4 Other nerves innervating the breast have been postulated to be causes of pain syndromes, including the long thoracic nerve, 5 thoracodorsal nerve, lateral pectoral nerve, medical pectoral nerve, and branches of the brachial plexus. 6 -8 Injury to these nerves results primarily in functional deficits, but has been hypothesized to contribute to pain syndromes as well. 2 Interestingly, intercostal nerves are not included in the review of the literature.
Breast implants have also been implicated as a cause of postoperative breast surgery pain, although these patients were not considered in selecting this series of patients. Capsule formation has been implicated as causing compression of the lateral and medial pectoral nerves under the pectoralis muscle. 2 Detachment of the serratus anterior muscle from the ribcage and subsequent abnormal pressure exerted on the muscle by an implant has also been implicated as a cause of postaugmentation pain. 9 Division of intercostal nerves has been associated with breast reduction. 10 Preoperatively, these nerves may not be functioning normally because of chronic stretch of the nerves in gigantomastia. Nerve division may result in a postoperative decrease in nipple sensation. Possible nerve regeneration and/or neuroma formation may result in hyperactivity and pain.
Phantom breast pain after mastectomy has also been described by multiple authors [11] [12] [13] [14] as an unpleasant sensation in the breast that has been removed. Pathophysiology is described as deafferentation of neurons, with resulting spontaneous and evoked hyperexcitability. Psychological factors have also been implicated. 14 The incidence reported ranges from 12% to 55% varying with method of determination, but is thought to be underreported. [12] [13] [14] The symptoms tend to persist over time. 12 Pain specific to the mastectomy scar is also found in a higher incidence than in other scars. 12 All reviews emphasize that increased awareness of phantom breast symptoms is needed.
Sympathetically mediated pain syndromes after reduction mammaplasty 15, 16 and after mastectomy 17 have been reported. This entity has been described in a wide range of clinical circumstances under a wide array of terminology, more recently termed chronic regional pain syndrome (CRPS) by the International Association for the Study of Pain. After breast surgery, this syndrome begins as unusual hypersensitivity and erythema without other signs of infection. Repeated stellate ganglion blocks performed to block thoracic sympathetic innervation results in eventual resolu- 
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Volume 46 / Number 5 / May 2001 tion of symptoms. CRPS is thought to originate after trauma to a peripheral nerve, either a major named branch or smaller peripheral nerve branches. The "trauma" can be surgery, major or minor accidents, repetitive motion injury, or compression/ischemic injury. This pain syndrome can be differentiated from neuromatous pain by its associated cutaneous vasomotor changes and the often more diffuse nature of the symptoms.
The fourth through sixth intercostal nerves run along the lateral pectoralis fascia then turn into the breast parenchyma, as demonstrated by anatomic study. 18 The most constant innervation to the nipple is through the lateral cutaneous branch of the fourth intercostal nerve, although the third and fifth intercostal nerves can also provide innervation. 19 These patterns, as well as findings of variation in breast innervation, support the contention that intercostal nerves may be transected at the time of breast surgery. Development of a neuroma at the transected nerve can result in pain impulses originating from regenerating nerve sprouts in a hypoxic scar environment. Neuromatous pain can be localized to a discrete location, with radiation to the distribution of the involved nerve. 20 Interestingly, two additional patients were noted at the time of immediate breast reconstruction to have transected intercostal nerves ( Fig C) . These nerves were buried "prophylactically" beneath the lateral chest musculature. Neither of these two patients developed postoperative pain.
Treatment options for postoperative breast surgery pain have been discussed only briefly in the literature. Pharmacological agents used for chronic pain include tricyclic antidepressants 3 and anticonvulsants, and sympathetic blockade with long-acting local anesthetics. Suggestions have been made to follow algorithms for cancer pain. 11 The treatment of neuromatous pain is felt to be primarily surgical, although nonsurgical options such as chemical infiltration to stop nerve growth and blocking sodium channels have been reviewed. 21 If neuromas can form after division of intercostal nerves during breast surgery, it is reasonable to conclude that some patients with pain after breast surgery may respond to surgical treatment of intercostal neuromas. These patients should be selected carefully by physical exam and response to local anesthetic block to ensure a successful outcome after resection of the neuroma. Interval, mo Pain Relief   1  78  MRM  36  Yes  2  46  Reduction  18  Yes  3  39  MRM/TRAM 36  Yes  4  28  MRM/TRAM 24  Yes  5 43 MRM/TRAM 24 Yes MRM ϭ modified radical mastectomy; TRAM ϭ transverse rectus abdominis muschlocutaneons.
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Wong: Intercostal Neuromas
Open Discussion
Scott B. Bartlett, MD (Philadelphia, PA): I don't have a large reconstructive practice in breast any more, but I do take a lot of ribs for craniofacial reconstruction-perhaps a hundred over the years. I've had 2 patients that I can recall who have had neuromas, and both of these were severe and unresponsive to resectional therapy, which included identifying the neuroma, resecting, and burying the nerve ending in a bone tunnel. One of the patients essentially ended up with a rhizotomy by the neurosurgeons. The other one continues to be treated by the pain service. So I haven't had the same experience you have had with neuromas, and maybe it's an anatomic-level issue in that these are just right under the inferior edge of the rib where the problems are occurring. I'd like you to comment on that. I have seen other patients who have had neuromas, and frequently the thing I would do prior to resection was to refer them to the anesthesia service. They will localize these and use cryotherapy. In a portion of these, the pain goes away indefinitely. In some of them it is used as a diagnostic step for neuromas, just like injection is. But they use cryo and then allow them to recover if they will. Sometimes the pain is just managed that way without surgical intervention. Could you comment? Dr Wong: I think that these nerves are fairly distal. If you could see on the last picture that I showed, the end sort of sticks out after the general surgeon has finished. Then I think these nerves are getting wrapped up in the scar, either from the mastectomy or the reduction or the reconstruction. When the rib is harvested, it is possible that those nerves are being injured, as you said, somewhat more proximally. There may be some damage more deeply, and for some reason it may be harder to address with this relatively simple surgery. I agree that there are other options short of surgery. None of these patients had tried anything else with the pain clinic. Certainly if the cryotherapy were successful, you would not have to go on to surgery. I just think it would be a little hard to predict which patients would respond or not. But certainly other modalities are worth a try.
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